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Abstract 
The introduction of alternative vehicle technologies to respond to the transportation sector pressure regarding fossil fuel 
dependency poses questions regarding their impacts on travel and driving behavior but also on the environment.  The results 
presented in this paper are part of a long-term study developed to evaluate user’s satisfaction and adaptation to electric vehicle 
(EV), in terms of driving behavior, mobility, comfort, charging routines, interaction with the charging infrastructure. User’s 
energy consumption and CO2 emissions are also estimated. The data presented concerns information collected with interviews 
done to the eleven EV drivers and with on-board diaries, including km travelled, kWh charged, number of trips per day. The 
information was gathered over a period of 5 months, and comprises a total of 1772 trips, 18524 km travelled, a total electricity 
consumption of 3252 kWh related to approximately 220 charges. Results indicate that the adoption of the EV impacted 
everyday routines on 36% of the participants and 73% observed changes on their driving style. In comparison to conventional 
internal combustion engine vehicles running on gasoline or diesel, EV reveals considerable reductions in both energy 
consumption and CO2 emissions in a Well-to-Wheel life cycle approach, with 1.30 MJ/km and 63 g/km, respectively.  
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1. Introduction 
Transportation is present in almost every aspect of human activity. However, the transportation sector faces the 
dilemma of its dependency to fossil fuels. The use of fossil fuels brings large environmental costs, since it is 
responsible for contributing massively to the greenhouse gas effect. Changes in fuel characteristics or introducing 
alternative energy pathways can lead to lower emissions, and the substitution of conventional gasoline and diesel 
fuel has been subject of discussion for the last decades (David et al., 2003). Behavior change stands out as a 
critical factor to face the challenges of reducing energy consumption and emissions, because improvements in 
technology by themselves will not be enough, and therefore it is essential to educate people not only to choose 
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more efficient vehicles but also to change the way they use them as well as their driving patterns (Taylor et al., 
2009). 
The introduction of alternative vehicle technologies to respond to the transportation sector pressure regarding 
fossil fuel dependency poses questions regarding the impacts of these alternative technologies in people’s driving 
behavior, driving patterns, safety performance and environmental impacts. Considering that people will respond 
and start using hybrids, plug-ins and electric vehicles (EV) in a different way than conventional cars, and that 
these alternative types of vehicles bring with them new challenges, such as vehicle recharging and management, it 
is essential to understand how and what will change in peoples’ mobility and driving patterns. The potential 
impacts that these changes can have in energy consumption and emissions are also important to assess.  
One of the main issues surrounding this subject is the fact that alternative vehicle technologies are only 
presently being introduced in the market and, therefore, are still in development and in constant evolution, which 
poses new challenges to the research, since new characteristics and a potential new interaction with the vehicle 
have to be addressed. A number of countries such as the United Kingdom (Greater London Authority, 2009) and 
USA (The City of New York, 2010) have developed strategy plans concerning the adoption of alternative 
vehicles, focused on who are the potential consumers, a better understanding of the consumer, his preferences and 
behavior. One of the main objectives of the energy strategy of the Portuguese Government is to promote the 
development of specific niche industries in Portugal, such as wind power turbines, solar panels, battery industries, 
among others. As a result, a strong incentive in EV has been observed, like the launch of the Electric Mobility 
Plan/“Plano de Mobilidade Eléctrica” (MEI, 2009). A public recharging infrastructure has already been 
developed in Portugal, having 1300 slow and 50 fast public recharging points available across the country. Users 
can charge their vehicles paying, in addition to the electricity cost, a fee of 0.07€/kWh for slow charging and 
0.20€/kWh for fast charging (Ministério da Economia da Inovação e do Desenvolvimento, 2011). 
A study with the participation of early plug-in hybrid electric vehicles (PHEV) adopters in North America 
analyzed how drivers use and recharge PHEV, their recommendations for future PHEV evolution and their 
opinions towards the vehicle. The interviews results reveal that drivers were enthusiastic about the technology 
and believed in its potential; however concerns appeared about the state of technology, life expectancy of the 
batteries, vehicle autonomy and charging behavior and infrastructure (Kurani et al., 2008)0 A survey conducted to 
260 neighborhood electric vehicle (NEV) owners in California, to determine why, how and when it is used in 
daily routines, found that the vehicle was mainly used as a replacement for a conventional vehicle, even though 
users own more than one internal combustion engine (ICE), and for several types of trips (local errands, visiting 
family and friends, personal recreation, etc.) with and average daily number of trips of 3.89. Concerning the 
motive to acquire the vehicle, the “NEV fits my lifestyle” stands out as the main reason with 71.6%, and 
economic and environmental motives appear with 62.35% and 56.17%, respectively (Green Car Institute, 2003). 
Also, a long-term study trial developed in the USA to assess private EV users adaptation and charging behaviors, 
considering their initial attitudes and motivation, and behavioral changes revealed that private users are 
intrinsically motivated, develop a greater self-efficacy to overcome difficulties ,adapt completely to the car and 
that plugging-in times becomes a routine (Burgess and Harris, 2009-2011).  
There is no question that alternative vehicle technologies have the potential to reduce fuel dependency and 
reduce CO2 emissions, and have, therefore, a considerable impact in reducing transportations’ contribution to 
global warming. On one hand alternative vehicle technologies might have an impact on driving patterns, which, 
on the other hand, will influence one’s fuel consumption and emissions. A study performed for the Portuguese 
fleet, presenting a full life cycle vehicle technologies and energy pathways analysis, concluded that vehicles 
powered with hydrogen and electricity present considerable lower results in Well-to-Wheel (WTW) in both 
energy consumption and CO2 emissions, but that when considering only the fuel usage state (WTT), both 
alternative technologies show higher values than those of gasoline and diesel (Baptista et al., 2010). 
Considering its performance and range capacity it is possible to assert that EVs are better suited to urban 
driving contexts, where they achieve larger reductions in CO2 and other tailpipe emissions per km travelled. A 
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study of the benefits of the introduction of EV’s in Ireland concluded that in an urban context it is possible to 
achieve CO2 emission reductions of 25 to 40% and that this pattern may also be observed in the UK and USA 
(Smith, 2010). Investigators at the Institute for Sustainable Systems and Technologies of the University of South 
Australia addressed the issue of potential impacts of EV in the cities of Adelaide and Sydney, observing that this 
technology has the potential to impact daily journeys of 100km charge range, and since most daily journeys done 
with conventional vehicles are within this range, each city could reduce their CO2e emissions by 5% (Taylor et 
al., 2009). Brady and O’Mahony (2011) evaluated, using COPERT 4, the potential reduction in emissions due to 
commuting considering different EV market penetration scenarios, assessing that the low scenario is the most 
likely to occur in the following years indicating a reduction of 3% in CO2 emissions.  Doucette and McCulloch 
(2011) modeled CO2 emissions of EV and PHEV, comparing it with reference values for CO2 emissions from 
ICE from the New European Drive Cycle. When considering a low and medium CO2 charging intensity, EV 
stands out as the best option over the entire driving range, however in a high CO2 intensity results indicate PHEV 
as emitting less over the entire driving range (Doucette and McCulloch, 2011). 
Considering the important role that the EV can perform to contribute to a more sustainable mobility, the 
widespread of the technology among vehicle manufacturers and the emerging population of adopters, the present 
study aims to evaluate user’s satisfaction and adaptation to an alternative vehicle technology, the EV, in terms of 
driving behavior, mobility, comfort, charging routines, interaction with the charging infrastructure, among others. 
User’s energy consumption and CO2 emissions were also estimated. 
2. Case Study 
This research project was promoted by EMEL – Lisbon’s mobility and parking municipal company and by 
IDMEC – Mechanical Engineering Institute of the Technical University of Lisbon. The recruitment of the 
participants was conducted with the dissemination among electric vehicle private users. The project has the 
duration of one year, in which participants agree to be part of interviews and surveys and have their mobility 
patterns monitored on a daily basis. The focus of this paper regards the first 5 months of the project. 
Eleven participants (8 male, 3 female) with an average age of 51.5 years, agreed to be participate on the 
project. The wives of three of the participants also used the electric vehicle on a regular basis and therefore they 
were also included on the project. Participants joined the project over the course of six months, with eight 
vehicles being monitored. Participants drive their vehicles seven days a week, and present an average driving 
experience of 32.4 years. The drivers have purchased their vehicle for an average of 5.7 months, and are also 
owners of at least one conventional vehicle. 
3. Methodology 
Participants took part on an initial interview, composed by 28 open-ended questions, focused on aspects such 
as motivation, vehicle advantages and disadvantages, driving behavior, mobility patterns, charging routines, 
improvements and expectations. The interviews were taped and then a transcript was created. A qualitative 
analysis was performed and several answer categories were created for each theme and then a statistical analysis 
was performed. 
Participants were also asked to fill a daily on-board diary, collecting information regarding the day, number of 
trips, kilometers travelled and energy recharged (kWh) in order to assess vehicle operation and charging 
management. The information of the on-board diaries was collected monthly and ranges between 1 up to 4 
months, and was collected from 7 vehicles, since one of the participants wasn’t able to collect data. The 
recharging data concerns the Tank-to-Wheel stage (TTW), which regards the utilization stage related to driving 
the vehicle. However, in order to perform a fair comparison between vehicle technologies, and since, electricity is 
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the energy source used by these drivers, the Well-to-Tank (WTT) stage was also taken into account. The WTT 
stage concerns fuels production stage, and reference values for Portugal were used (Baptista et al., 2010). 
4. Results 
4.1. Drivers characterization 
Understanding what motivates the users to acquire alternative vehicle technologies is essential to better 
analyze the user’s profile. Sixty-four per cent of the participants mention the environmental and 55% the 
economic factor (energy cost and running costs) as the main motives for buying the EV, as can be seen on Table 
1. However, even though the environmental factor appears as the top motive, the economic factor stands out as 
the first motive participants’ mention (83%), as can be seen in Table 2. 
Table 1. Motivation for buying the EV (percentage of the participants) 
Motivation % 
Environmental 64 
Economic 55 
Professional 9 
Shift in personal live 9 
Technology curiosity 9 
None 9 
Table 2. First and second motives mentioned for buying EV (percentage of answers) 
Motivation First % Second % 
Environmental 71 29 
Economic 83 17 
 
Table 3 presents the results concerning the EV’s positive and negative factors indicated by the participants. 
The economic (energy and running costs) (91%), comfort (82%) and environmental (55%) factors are considered 
the main advantages of the vehicle, followed by other aspects with less expression such as fuel independence 
(18%), vehicle design (9%) and safety (9%). The economic factor is also the first mentioned by users (50%), 
followed by comfort (44%) and environmental (33%) factors, as can be seen in Table 4. As negative factors, 73% 
of the participants mention the vehicle autonomy, 18% the charging infra-structure and the vehicle acquisition 
cost (18%). Other factors such as vehicle design (9%) and safety (9%) were also mentioned. Nine per cent of the 
participants weren’t able to stand out a negative factor (Table 3). Autonomy is also the first vehicle disadvantage 
drivers’ mention (88%), followed by the infrastructure (50%), as can be seen in Table 4. Fifty-five per cent of the 
participants state that both positive and negative factors correspond to their initial expectations before buying the 
vehicle, while 27 % mention that these expectations were exceeded and 18% refer they were not matched, due to 
the autonomy range of the vehicle. 
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Table 3. Positive and Negative factors of the EV (percentage of the participants) 
Positive  % Negative % 
Economic 91 Autonomy 73 
Comfort 82 Infrastructure 18 
Environmental 55 Cost of Vehicle 18 
Fuel independence 18 Design 9 
Design 9 Safety 9 
Safety 9 None 9 
Table 4. Positive and Negative factors of the EV (percentage of the participants) 
Positive  First % Second % Negative First % Second % 
Environmental 50 60 Autonomy 88 13 
Economic 44 11 Infrastructure 50 50 
Environmental 33 33    
 
Regarding the user’s concerns while driving the vehicle, 82% of the participants mention autonomy as the 
main concern, and 18% refer some concern with pedestrians and safety, respectively, and 9% has no concerns 
while driving (Table 5). On the other hand, regarding the conventional vehicle experience, 27% of the 
participants mention concerns with fuel, 18% with the environment and safety, respectively. Eighteen per cent of 
the drivers have no concerns while driving a conventional vehicle. All of the participants mention an immediate 
adaptation to the vehicle, even though 45% state they anticipated problems adapting, mainly with aspects such as 
the autonomy and the infrastructure, 27% and 9% respectively. Eighty-two per cent of the participants use the 
vehicle to commute to work or drop kids at school and 55% to run small errands. Concerning the driving context, 
82% of the participants drive mainly on urban areas, while 55% commute on inter-urban routes. When listing the 
main differences between driving an EV or ICE, 36% of the participants mention that, when using the EV, there 
is no need to make trips to the gas station, 27% refer the presence of the autonomy indicator on the dash board, 
27% mention smoother driving and 27% indicate the vehicle power (Table 6). 
Table 5. Concerns driving EV and ICE (percentage of the participants) 
Concerns driving EV  % Negative % 
Autonomy 82 Fuel 27 
Pedestrians 18 Environment 18 
Safety 18 Safety 18 
None 9 Noise 9 
  Fuel Cost 9 
  Speed 9 
  Motor instrumentation 9 
  None 18 
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Table 6. Differences between driving EV and ICE (percentage of participants) 
Differences between EV and ICE % 
No trips to gas station 36 
Autonomy indicator 27 
Driving smoothness 27 
Vehicle power 27 
Automatic vehicle 18 
Type of fuel 9 
Smaller vehicle 9 
 
Concerning expectations of the participants regarding the future of the electric vehicle in Portugal, 36% 
consider that the vehicle is the car of the future and 27% believe that the market of EVs will start rising. 
However, 36% mention that there are no buying incentives and 9% that there is still no market available in the 
country. On the other hand, participants consider that the market is rising (45%) and the electric vehicle is the car 
of future (27%) worldwide. 
Table 7 presents the results regarding the improvements considered necessary by the participants to enhance 
the EV perception and experience. As can be seen, autonomy (82%) was mentioned as the main improvement, 
followed by enhancements on the infrastructure (64%). Other factors with less expression such as vehicle design 
(9%) and vehicle cost (9%) were also mentioned. Autonomy stands out as the first required improvement 
mentioned by the participants (78%), while infra-structure is mentioned as the second improvement (86%), as 
presented on Table 7. 
Table 7. Improvements of the EV and the system (percentage of the participants) 
Improvements % First % Second % 
Autonomy 82 78 11 
Infrastructure 64 0 86 
Design 9 100 0 
Cost of vehicle 9 100 0 
 
Even though 64% of the participants consider that the adoption of the EV had no impacts on their daily 
routines, 36% mention the opposite, by making more trips (36%), changing the type of road driven (27%), 
different trip management (9%) and on the number of persons on board the vehicle (9%), as can be seen on Table 
8. When questioned about the impacts of the EV on their driving style (Table 9), 73% of the participants consider 
that their driving style has changed, mentioning that they speed less (75%), are less aggressive (25%) and have a 
more economic driving style (13%). Twenty-seven per cent mention that there were no changes on their driving 
style.  
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Table 8. Impacts on everyday routines (percentage of the participants and answers) 
Impacts on everyday routines % 
No 64 
Yes 36 
More trips 36 
Type of road 27 
Trip management 9 
Number of persons on board 9 
Table 9. Impacts on driving style (percentage of the participants and answers) 
Impacts on driving style % 
No 27 
Yes 73 
Less speed 75 
Less aggressive 25 
Economic driving 13 
 
Concerning the participants charging routines, 91% charge their vehicles at home, during the night (100%) 
due to a special fee from the Portuguese electricity supplier. The vehicle is charged everyday by 20% of the 
participants, two times a week by 30% and 4 times a week by 30%. Street charging routines reveal that 45% of 
participants charge on the street, by day (100%) and by night (20%) using both the slow (80%) and fast charging 
(40%). Sixty per cent charge the vehicle every day on the street and 20% two times a week. All of the participants 
had to make changes on the home electrical system in order to be able to charge the vehicle at home. Seventy-
three per cent of the users mention that these charging routines match their initial expectations. Sixty-four per 
cent of the participants consider that the lower energy cost outweighs the high acquisition cost of the vehicle, 
while 9% thinks the opposite and 18% still has no perception on this matter. 
4.2. Mobility Patterns 
The following results will focus on the mobility patterns presented by the drivers with information collected 
from the on-board diaries. From a global point of view, 456 days of driving were monitored, corresponding to 
1772 trips and 18524 km travelled. Regarding electricity charge, 3252 kWh were charged with a total of 330 
charges made (Table10). Table 11 presents the total sample results, revealing that on average 3.9 trips were made 
per day, travelling a distance of 40.62 km. An average of 7.1 kWh were consumed per day, corresponding to 1.84 
kWh spent per trip and 0.18 kWh spent per km. Overall 0.72 charges were made per day, charging 9.85 kWh each 
time. Taking into account that each of the participants presents different driving patterns, results were also 
analyzed considering their individual patterns. 
Table 10. Total sample electric mobility characterization 
Days Trips Km kWh Charges 
456 1772 18524 3252 330 
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Table 11. Total sample average electric mobility characterization 
 Km/day Trips/day Charges/day kWh/day kWh/km kWh/trip kWh/charge 
Total 
average EV 40.6 3.9 0.72 7.1 0.18 1.84 9.85 
 
 
Considering each driver individual mobility patterns, participants make on average 3.4 trips per day and travel 
42.9 km per day, as presented on Table 12. Regarding the charging routines, participants make on average 0.68 
charges per day consuming 7 kWh a day, corresponding to 9.9 kWh consumed per charge and to 0.19 kWh per 
km travelled (Table 12). Due to the sample small size and its heterogeneity, the results reveal high standard 
deviations (STDEV) for most of the variables, indicating that a larger sample is necessary in order to have more 
statistically relevant results. A confidence level analysis reveals that, for a level of confidence of 90% and a 
deviation level of 20%, a sample of 9 to 32 participants would be necessary to reach more robust results in the 
variables presented in Table 12.  
Table 12. Individual drivers’ electric vehicle mobility characterization and level of confidence and deviation 
 Km/day Trips/day Charges/day kWh/day kWh/km kWh/trip kWh/charge 
Average  42.6 3.4 0.68 7.00 0.18 2.46 9.85 
STDEV  32.1 2.2 0.27 3.93 0.07 1.31 5.34 
Sample (90% CL, 
20% Deviation) 31.9 24.6 8.94 17.75 8.68 15.99 16.54 
 
The assessment of the energy and environmental impact of the technology was done using the life cycle 
analysis approach, considering the Well-to-Wheel (WTW) stage, which includes the Tank-to-Wheel (TTW) and 
Well-to-Tank (WTT) stages, and a comparison between technologies was performed, EV, conventional internal 
combustion engine running on gasoline (ICE Gas) and Diesel (ICE Diesel). Standard ICE Gas and ICE Diesel 
values are presented in Table 13 (Baptista et al., 2010).  
Table 13. Full life cycle (WTT and TTW) energy and CO2 results for conventional gasoline and diesel internal combustion engines. 
  WTT (MJ/km) WTT (g/km) TTW (MJ/km) TTW (g/km) 
ICE Gas 0,27 25 1,96 143 
ICE Diesel 0,27 24 1,67 124 
 
Regarding the energy consumption in Figure 1 (a), results show that for the electric vehicle, the TTW has a 
smaller contribution (0.63 MJ/km) than ICE Gas and ICE Diesel, 1.96 and 1.67 MJ/km, respectively. The 
opposite is observed when considering the WTT stage, which incorporates the electricity production values for 
Portugal in 2007. Overall, the EV presents lower WTW results, with an energy consumption of 1.30 MJ/km, 
while ICE Gas presents higher consumption results of 2.23 MJ/km, as seen on Figure 1 (a). Figure 1 (b) presents 
CO2 emission results, which indicate that in TTW electricity input is zero, but in WTT electricity contribution is 
substantially higher (63 g/km) than that of fossil fuels, 25 g/km for gasoline and 24 g/km for diesel internal 
combustion engines.  
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Fig. 1. (a) Well-to-wheel energy consumption (MJ/km); (b) Well-to-wheel vehicle CO2 emissions (g/km) comparison between technologies 
(EV, Gas and Diesel ICE) 
5. Discussion and conclusions 
The results of this study are part of a long-term project that follows electric vehicle private drivers over the 
course of one year. The aim of the project is to assess user’s satisfaction and adaptation to an alternative vehicle 
technology, in this case full electric vehicle. An initial interview was done to the participants where aspects such 
as driving behavior, mobility patterns, charging routines, among others were addressed. Participants indicated the 
economic and environmental aspects associated with the vehicle as the main reasons to buy an EV. These motives 
follow the tendency already found in other studies where lifestyle, environmental and economic factors (energy 
and running costs) stand out as reasons to adopt and EV (Green Car Institute, 2003). Results reveal that after 
using the EV on a regular basis for an average of 6 months, reveal that drivers adapt very well to the vehicle and 
that whatever concerns they had in the beginning, whether related to the vehicle functioning, autonomy or 
infrastructure, are rapidly overcome. Participants, who state that the use of EV had an impact on their everyday 
routines, mention that they travel more and use different roads. And, overall, most of the drivers consider that the 
use of the EV had an impact on their driving style, in terms of less speeding, less aggressiveness and an economic 
driving. Further knowledge is necessary in order to understand if these differences are related with the vehicle 
itself or if it’s an effect of the novelty factor of the vehicle. 
Consumers use the vehicle as a replacement of the conventional vehicle every day, even though they still own 
at least one ICE, using the EV for commuting and to run errands. Mobility patterns reveal that users’ make an 
average of 3.4 trips per day and travel daily an average of 43 km. These findings are consistent with the one 
found on the study developed in California with NEV adopters (Green Car Institute, 2003). Participants focused 
mainly on three positive aspects of the vehicle: economic, comfort and environmental, mentioning as the main 
vehicles’ disadvantage its low range. These results are in accordance with other findings that indicate that 
potential Battery Electric Vehicle adopters consider lower range, long recharging times and higher costs as 
negative aspects and lower running costs as a positive aspect (Skippon and Garwood, 2011). 
All of the participants charge at home and have made changes in the home electric system so that they could 
charge at home, however a lower number of participants charge on the street. These results are consistent with 
findings of other studies that indicate that potential costumers’ in the UK consider recharging as an overnight 
activity instead of being an opportunity activity (Skippon and Garwood, 2011). The results found on the current 
study are also indicators that these early adopters prefer to plan their trips ahead and determine a charging routine 
than to grab every recharging opportunity that might appear. These are in accordance with findings found in 
studies developed in the USA (Burgess and Harris, 2009-2011). Participants apparently understand that the EV 
requires a more substantial initial investment, however they consider it much cheaper to run, stating that the lower 
energy cost outweighs the higher acquisition costs.  
Concerning the environmental performance, when compared to the conventional technology, in a life cycle 
analysis approach, EV reveals considerable reductions in both energy consumptions and CO2 emissions. The 
results are in accordance with other findings that indicate potential CO2 emission reductions of 25 to 40% in 
urban contexts (Smith, 2010).  
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Further information concerning the EV use is required in order to have a more detailed overview of the 
consumers’ evolution in terms of vehicle adaptation, motivations, experiences and behaviors. The next following 
step will be to collect information with both open and closed ended question, focusing in aspects such as 
concerns, mobility patterns, driving style, daily routines, charging routines, recommendations, and challenges, 
among others. Information will continue to be collected with the on-board daily diaries in order to a more 
profound knowledge of the consumers charging habits, in terms of daily charges, amount of kWh charged and km 
travelled. Collecting information such as the state of charge, use of external applications (air conditioning, radio, 
etc.) and the use frequency of these applications is also essential to assess the energy consumption of the EV as 
well as it environmental performance. Enlarging the sample to obtain more statistical relevant data is already 
underway as more electric vehicle drivers are being recruited to be part of the project. 
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